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FOREWORD 

Technological advancements have led to increased speed, mobility, and destructive 
power of military operations. To permit commanders to make tactical decisions consis- 
tent with rapid change and succession of events, information on military operations must 
be processed and used more effectively than ever before. To meet this need, the Army is 
developing automated systems for receipt, processing, storage, retrieval, and display of 
different types and vast amounts of military data. There is a concomitant requirement for 
research to determine how human abilities can be utilized to enable the command informa- 
tion processing systems to function with maximum effectiveness. 

One objective of the COMMAND SYSTEMS Task is to provide research information by 
which decision making and information assimilation from displays may be facilitated. To 
this end, studies are conducted on such information presentation factors as amount, den- 
sity, format, color coding, specificity-generality, alpha-numeric vs symbolic displays, rate 
and degree of updating, probability data and certitude, individual and group displays, and 
the relative utility of different sensory and display modalities. The present publication 
reports on a portion of Subtask e, "Effective aids in the decision process," and explores 
relationships between the accuracy with which information is assimilated and the certi- 
tude that the information assimilated is correct. 

The entire research task is responsive to requirements of RDT&E Project 2JQ24701A- 
723, "Human Performance in Military Systems," FY 1968 Work Program, and to special 
requirements of the Combat Developments Command and the Army Materiel Command. 

9/K.. 
J. E. UHLANER. Director 
U. S. Army Behavioral Science 
Research Laboratory 

• 



■ 

RELATION OF CERTITUDE JUDGMENTS TO CHARACTERISTICS OF UPDATED 
SYMBOLIC INFORMATION 

•RIEF 

RsQulfMMnt: 

In ttw Army's eommnd information procMiing tystemt, updating of situatiOMl data adds to tha 
difficulty of information assimilation and may affact eonfidanca in accuracy of information and, conts- 
quontly. tho quality of daeisions mod* on tho basis of tha Information. Tha purposa of tha prasuwt rt> 
sa*rch «ma to axplora tho affacts of typo and numbar of updatas, total amount of Information praaantad, 
and saloctad oonsplcuity coding tachniquaa on eonfidanca and tha ralatlonship of eonfidanca to accuracy 
of Information assimilation. 

ftecadura: 

Fortyaight tubjacts war« prasantod succoasiva paira of slidoa. Tha first sllda of a pair containad 
12.18. or 24 military flag symbols randomly poaltionad on a map. Tha sacond sllda waa idantical to tha 
first aacapt that 2, 4, or 6 symbols had baon addad. ramovad. or rapositlonad. Aflar tha subjacts had 
auecaasivaly vlaamd both slidss of a pair, tha sacond alida was ramovad. Subjacts than indicaiad on a 
papar print of tha first sllda all updatas thay had notad In tha sacond sllda. farformanca waa maasurad 
In tarma of accuracy of asslmilstlon (s pareantaga scora) and eonfidanca In that accuracy (ranging from 
1*abaolutaly uncertain, to S-abaolutoly certain). Tha reeeerch design wes replicated over three enhance- 
ment techniques-single cue coding, double cue coding^end hard copy, as well es with no enhancement 

Findings: 

Increasing either amount of information presented or amount of updating resulted in a decline in both 
mean accuracy and mean certitude, the rate varying widely over the different enhancement techniques 
and over typee of updeta. 

Meen certitude peraileled mean accuracy reasonably wall, but the accurecycertitude correspondence 
did not hold for Individual parformenee scores. Over ell conditions, only 38 percent of the certitude 
varlenee could be eeoounted for by accuracy verienc«. 

The more effective the enhencement technique, the higher the certitude-accuracy relationship. With 
tha beet enhencement technique (double-cue coding), 64 percent of the certitude variance could be 
eeoounted for by accuracy varlenee, with the poorest (herd copy), only 30 percent. 

There wee evidence of both over-certitude end under*certltude, over-certitude tending to increase 
with the lest effective enhencement techniques. 

Utiliiation of Findinge: 

Findings suggest need to improve agreement between e men's performance in information assimila- 
tion and hia oatimetc of that performance. 

In the absence of specific information to the contrary, it should be assumed that most techniques 
which eld assimilation will also improve certitude estimate« though the effect may vary with the tech- 
nique. 

Relience on group estimates should be encouraged, at laest until technique« for improving estimetion 
ere devised. 

Oeterminetion of the role of certitude in the timeliness end appropriateness of decisions should be s 
prime reeeerch objective. To this end. certitude should be meesurad in the same metric ea accuracy 
(percent). 
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I 
RELATION OF CERTITUDE JUDGMENTS TO CHARACTERTISTICS 

OF UPDATED SYMBOLIC INFORMATION 

OBJECTIVES 

The Cc«B»nd System Task of the U. S. Army Betavloiml Science 
Reteereh Leboretory it coaduotlng e series of projects In which * variety 
of display varisbles are systenatically investigated in terw of their 
effects on infonsation asslailation and decision aaklng in a commai 
and control setting. A conconitant of infonatioo assinilntion is the 
confidence or feeling of certitude the viewer has In the accuracy of his 
asslailation. To the extent that feelings of confidence or certitu&e 
appropriatej.y reflect the asslailation perfonanee upon which they are 
preswably tased, decision behavior could oe enhanced. It is therefore 
of Interest to know acre about the certltuAe-accuracy relationship as a 
function of various display paraaeters and to detendne the degree to 
which accuracy and certitude nay be differentially affected. 

In an earlier stuAy^tbe mafeer 3f spfcols reaoved la an ««dating 
(2 through 8) bad negligible effect on accuracy of asslailation, but the 
greater mafcar of changes did result la an appreciable decreasnt in certi- 
tute. The preeent experlasnt was aa attest to detemtne whether the 
findings for ««dating generalise beyond the specific drcwetances of 
ths earlier study aad whether related variables show slailar affects. 

The speelflc objectives of the preeent study were: 

1. To detendne whether accuracy of infonation asslailation froa 
displays aad JuApnate of certitude are slailarly affected by (l) aaount 
of infonation presented, (2) type of updating change, aad (5) extent of 
updating change. 

2. To detendne the extent to which the accuracy-certitude relation- 
ship varlee with techniques to enhance the conspleuity of updatee—updated 
hardcopy for reference, single-cue coding, doOble-eut oodii«. 

METHOD 

Experimental Design 

The Independent variables investigated were total nuriber of symbols 
in a slide—12, 18, 2k (aaount); type of change introduced in a sii«le 
update—ay^bols reaoved, added, repoeitioned; extent of chaise In a single 

'Andrews, R. 8., and Rlagel, S. Certitude judpwsU and the accuracy 
of Infonation asslailation In visual displays. U. 8. Any Behavionl 
Science Research Laboratory Technical Research Rote 1^5. Msy 1961». 
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updatt» 2, k, 6 syribols etauBftd, «ad «nhuieamit t«ebnlqutt—bard copx, 
•iaglt-eut eodlagf doubl«<-cu» coding.   A no-eodlag condition WM also 
iapoaod to prorldo a baa« porfonanet iadax.   NoaaurM of accuracy of 
aaaiailation and eartituda about ttaat accuracy vara coordinate depondant 
varlablao. 

Tba basic daaign of tbo 
Fisura 1. 

axpariaant ia sbown icbcaatically in 

Roaovad     Addad      Rapoaitionad 

Typo of Chang« 

Figur« 1.   Schemot ic design of «»parimant for a single enhanctfnsnt tochniqu« 

Tb«r« MW four roplioatoa of tba basic daaign, ona for «acb anbancaaent 
tacbniqu«.   T«#alv« adbj«ets war« randcaOy aasignad to aacb roplicata and 
aacb subject r«caiv«d all traataant coabinationa of aaount by axtant by 
typ«.   Vitbln «acb raplicata, tba tvalra aubjects var« xmndoaly divided 
into tbree groupe of four subjects each.   Oroupa differed only in order 
of presentation of type of change and the randoaited sequence of slide 

- 2 - 



presentation within typt of cbang«.   Tbui, within «neta rtpGLlont« «neb 
typ« rf chnng« vat tdalnltt«r«d flrtt, tteood, tad third, and thtrt wart 
nln« dlff«r«nt raadoa ttqu«nc«t of tlldtt. 

Subjtcts 

Forty-tifht allltary panonD«! of ^bort «.Ttvtf« lnt«lll<«ne« (0«atral 
Ttehaioal Aptltui« Araa tcortr'of 110 or hlghtr) with noraal or oonraettd 
noraal ritual acuity participated at tdbjtctt.   Military eophlttlcatloo 
or training, not b«lng ptrtintnt to perfontno« in the «xperlatntal tatk, 
vat not a r«quir«atnt.   Itch tvbjtct partldpattd for th« 90 to 120 Bla- 
utet required to coaplttt a ttttion. 

Stimulus Presentation 

Stlauli were in the for» of 35"t atfttiTt traatparencltt depicting 
t maker of allltary flag tyabolt potltloatd on t tkeleton atp.   Itch 
pair of tlldtt wat atde up of a batie tilde tad ta igdated tilde which 
differed frot the batic tilde only la the chtngtt latroduced la updating. 
Flguret 2 tad 3 thov a pair of tuch tlldtt*   The illuttrationt differ 
froa the tlldet uted la the «xperlatat only la that the projected latgt 
gtwe white tyäbolt tad llatt oa a dark background. 

Potitloalag the tyabolt oa the batic tlldet tad telecting the tyribolt 
to chtnge in «updating were both done by a xaadoaliatloa proeett with oaly 
oat rettralnt:   There were four different allltary unit ty^olt—lafantry. 
Artillery, Air Defense, tad Eagiater—on each batie tilde la the approocl- 
atte proportioat of 1/2, lA, 1/6, and 1/12, respectiwely.    la ao lattance 
of the tyribolt "reaored" condltloa were all of toy particular type of 
uait 

Figure k showt the coding uted for sirgle-eue and doüblt-oue tq^datet. 
For the other enhaaeeatnt technique, hard copy, a page print of the flrtt 
tilde wat atde available to the tubjeet slaulttntoutly with the uncoded 
updated tilde.   Utacodtd syribolt were Identical to tlagle out except that 
there wat ao "arrow" for aortd, ao "H" for added, and ao "broken lint 
perlMterN for 

Subjects were seated directly in front of and 19 feet away froa the 
screea an which the slides were rear projected with an lange area approac- 
laately 7.6 feet by 3 feet.   Aribieat ill«adaation was aaiataiatd at a 
level tufflclent to reduce the pottlbillty of after langet, to provide 
light for the atn to read aad aark their answer sheete, and yet act high 
eaough to Interfere with eaty wiewiag of the dltplayed aaterial. 

^ Bated on the Vexbal aal Arithattic Rettonli« Ttttt of tht Any Clattl- 
f leation Battery. 
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SINGLE-CUE UUUBlÄ-UUü! 

REMOVED i^J \Ei 

ADDED * 

N N 

MOVED 
ra 

/ 

B 
/ 

Figur« 4. Examples of single-cue and double-cue coding 

Procedures and Instructions 

Before the start of a session, subjects were briefed on tb« nature 
of the experiment end their participation. The experimenter road the 
Instructions aloud, wblle eacb asn followed along on a printed copy. 
Two practice slide sets were presented and—after the experlaenter had 
anevered all questions and assured hlnself that the subjects understood 
their taek—the experlaent proper began. 

Within each pair of elldee, a basic slide «as presented for 66 
seeonde; the updated slid« (the ssne as basic slide with 2, U, or 6 
syribols added, reamred, or reposltloned) use than presented. Simultane» 
oualy with the showing of the updated slid*, the subjects «ere given a 
question relating to "how nany" of a particular type unit had been 
changed. Forty-fire seconds were allowed for ansverlng, after «bleb a 
second question relating to "locations" of a specific change «as given 
and another U5 seconds allowed for answering and continued rlewluej of 
the updated elide. Thus, the subjects had a total of 90 seconds' view- 
ing tine for the updated elide. The ««dated slide was then turned off, 
and the evbject turned to hie response sheet (replica of basic slide) 
and Indicated all units which he thought bad been changed as a reeolt of 
the updating. These reeponeee provided a aeaeure of Infonation aeelal- 
let Ion. The eubject bed 60 seconds to complete his answer and Indicate 
hie certitude for that answer on the scale provided. The seme procedure 
was followed until nine palre of elldee bad been preeented. Subjecte 
wer« then permitted a fIve-mlaute break. Thle procedure «ae followed 
for each of the three type-of-chsnge eequencee within a session. 

-6 - 



Dependent Variables 

Tb» mjor dependent variable considered «aa the certitude expreaaed 
by the etibjecta In the accuracy of tbelr Infonatlon aaalallatlon. To 
Indicate hla certitude, a aübjaet circled the pbraae on the follovlng 
acale vhlch beat deacrlbed how certain or «certain be felt In the accu- 
racy of hla reaponae. SueceaelTe Integere aaalgaad to the eight oate- 
gorlea of the contlnuwi were the Taluea uaed In the analyaee. 

Absolutely 
Uncertain 

V«rv 
Uncertain 

Moderately 
Uncertain 

Slightly 
Uncertain 

Slightly 
Certain 

Moderately 
Certain 

Very 
Certain 

Absolutely 
Certain 

The perfonance accuracy ecore vaa coaputed ae follovs: 

Right 
Nuiber Right + Errora of CoaBlaslcn + Errora of Oalaelon 

x 100 

An error of nniiaelon vaa aade when the aubject narked a ayribol that 
not been changed, an error of oadeelon when he failed to nark a ayribol 
that had bean changed. 

RESULTS 

A aunaary of the analyala of variance perforaed on the certitude 
eeorea la abown In Table 1. All four aaln effecta and three of the Inter- 
actlona were algnlf leant beyond the .001 level. Only one of the other 
effecta achieved algnlfIcance at or beyond the .09 level. Theae findige 
confon cloaely to thoae froa the analyala of the accuracy data*' In a 
prior atudy In which the Identical variables and Interactions ware the 
only onea achieving atatlatlcal algnlflcance at or beyond the .05 level 
except for the accuracy by type of change by enhanceaent technique Inter- 
action which waa not algnlf leant In the accuracy analysis. The ralatlon- 
ahlps between aean certitude and aean accuracy for each of the aaln effecta 
are plotted In Figures 5 through 8. It le apparent froa theae figures 
that the cartltude-accuracy relatlonahlp typically approxiaatee linearity 
except for enhanceaent technique for which the relatlonahlp departs 
appreciably froa linearity (Figure 8). 

^The accuracy data and analyaee uaed for ccaparlaon purpoeee were 
extracted froa a prior report (Vlelno, F. L., Andrewa, R. S., and 
Ringel, S. Conaplculty coding of updated syikollc Inforaatlon. 
U. S. Aray Behavioral Science Research Laboratory Tecbnlcal Research 
Dote 1^2. Nay 1965) and are not preeented In detail In the present 
publication. 
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Ttbl« 1 

SUMARY AKAUSIS GT VARIAHCE POR CBRTrPUDE 

Soure« of Variation m MB P 

BabuetMBt Tochnlqui (S) 3 179.51 11.83»» 
Subjects within SntatncMent 9ir(l) M» 15.18 

Typo of Clango (T) 2 173.53 32.98»» 
T x E 6 28.89 5.^9« 

T x Sir(E) 86 5.26 
Aaount of Informtlon (A) 2 95.13 ^1.67»» 
Ax 1 6 20.30 8.89»» 

A x 8w(l) 88 2.26 
AxT k .92 .61 
A xT x I 12 2.82 1.88» 

A x T x Sir(l) 176 1.50 
Sxtont of Ctanngo (C) 2 102.58 1*0.09 
Cxi 6 5.25 2.05 

C x Sv(l) 88 2.56 
C xT 1» 12.55 6.l»5»» 
C x T x I 12 6.91 3.55»* 

C x T x Sw(l) 176 1.9»» 
Cx A k 3.12 1.73 
C x Ax I 12 ^.99 2.78»« 

C x A x Sw(E) 176 1.8o 
C x AxT 8 3.50 1.92 
C xAxT x I 2t 2.38 1.30 

C x A x T x ME) 352 1.83 

TOTAL 1295 

•P<.0» 
«.p <.ooi 
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Pursuing tlM ■lallarllilM farthtr, tte Htowmn-Ktuls Stul«ntls«d 
na§ß tcstr'wM «pplltd for tMtlag dlff«r«noM bttvMii pain of wmm 
within oaoh of tbo anin vmrlabloa.   Tbo roaults art shown la Tsbls 2. 
Only for snhimiwwnt tsehaiqua did esrtituds sad sccuracy scorss diffor 
la taras of which pairs of aaaas «neoapasssd ■tatiatioally significant 
diffsranoas.   For all asln affaeta, including anhano—nt tachniqua, 
tba rank ordara of ttaa anas wara idaatioal.   It la likaly that tha non- 
liaaaritjr of ttaa cartituda-accuracy ralationabip and tba graatar dif • 

anlamnaaint tacbaiquaa for accuracy aaana than for conf 1- 
wara in large part a function of the fact that thaaa coopari- 

■ona wara batwaan groupa, l.a., aaota adbjact parfowwd on only a aingla 
tnhtnnaMant taohaiqua.   It «aa to ba axpaetad that an individual'a earti- 
tuia aatiaataa would ha laaa praoiaa in aa abaoluta aanaa than la a 
ralatiTS aanaa.   Thua, a oonatant arror in taras of a subject's subjective 
eertltuda aoala would affect batwaan aubjact coaptrlaona but not within 
subject ecaparlaona. 

Table 2 

»AM CHTPITUDB FOR LBVKL3 WQHIM EACH NASf VARIABUB 

Varlablao Condition Lerela 

ftibenneaant Techniques      Ho Coda      Bard Copy      Single Cue      Dovfela Cue 

m   m—m— (Acouraoy Soore) K 

Type of Change Reaowed Added      Rapoaitionad 
6.79 6M 

Aaount of laforaatloa   12 Syribola     18 Symbols     2k Symbole 
6.79     6j02 

Bxtent of Change 2 Symbols  k Symbols  6 Symbole 
6.7»     6,2k 9.77 

NOTf:   Valua« conn.ci.d by linas do not ditttr ■■onificanlly .1 P< 06.    EntriM in p.r.nth»».. ara corraaponding 
accuracy acoraa and appaar only (or main .ll.ct» wharo confidanco and accuracy ditfar in i.'m» of aionificanca o> 
diHarancoa batwoan pair* of moan*. 

^Winer. B. J.   Statiatlcal Principlea In Scperlaental Dealgn.   New York. 
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Plotting the significant two-my Interactions—typt of ctannge hy 
i, naount of infonstion by ontasnetasnt, «ad «rtsnt by typt 

of ehugt btlps clarify tbt nature of tbt luttraetioot.   Flgurt 9 tbovt 
dlfftrtntlal eertltudt tfftott for typt of cbsngt across tnhtnnftnt 
ttcbnlquss, with repositioning tbt aajor contributor.   Sinet dodblt-cut 
coding produced tbt blgtaest accuracy for tbt tyribols rtaovtd and ayritola 
addtd conditions and «at equivalent to tbe blgbttt (bard copy) for tbt 
synbols rtpotitiontd condition, tbt relatively lower certitude level for 
tbt symbols rtpoeitioned eoaditlon nay be attributable to a aore reallttie 
ctrtituAt tttlaatt with double-cut coding. 

8.0 -I 

7.5 - 

7.0 

6.5 

I 
5.5 

5.0 

«».5. 

Added 

Repotltloned 

f' 

Mo 
Code 

Hard              Single 
Copy               Cue 

EnbtnetatBt Ttebniqutt 

Doublt 
Cut 

f i jurt 9.  .ieon certitude lor ty"» of d;ange by enhoncemtnt technique 
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Tb» tbap« of tbt functions plottod In Plgur« 10 for tbo aaount of 
Informtloo by «nbanoMtnt toehniquo Intometlon «ro rmxy alallnr to 
tboo« for acetmey except that tho rank order for entaanceaent technique 
on aeevmegr «as double cue» eiagle cue, hard copy, and no code at each 
•aouct lerel.   The finding reported in Table 2 of no eiffnifleant dif• 
ferenoee in confidence aaonf bard copy, single-cue, aad double-cue 
enbennMent Mist be quslif led in llgbt of tbli eaount by •nhenrawnt 
intaraotlon, since herd copy «as significantly different froa the other 
We at the 2^-aaount lerel.    Siailarly. there «as a differential change 
in certitude in going froa the 18 to 2a eaount level across enhanceaant 
technique, though there «as no signifioant difference between the iß to 
2b aaount levela orer all enhanceaest techniques. 

The final significant interaction, extent by type of change, is 
plotted in Figure 11.   The certitude functions are virtually identical 
to those for accuracy.   Thus, the finding of signifioant differences 
aaoog extents of change as siaple effects needs be teapered aerely by 
the flading that these differencee axiet only for the added and repoei- 
tioaed type of change—not for symbols reaoved—and that differencee 
aaoog typee of change do not bold between symbols raaoved and symbols 
added at the 2- and ^-extent of change levels. 

The seeaingly high correepoodence between accuracy and certitude in 
of how tbeee asasures ware affected by the variables of Interest 

a cloeer look at tbie relatioashlp.   Since the certitude eeti- 
of a qualitative nature not translatable into a aatrie directly 

comparable to the accuracy ecores (percent right), correlation techniques 
applied.   Product aoasnt oorrelationu based on the 38k pairs of 

rares (accuracy and certitude) within eaeh snhanfieaent technique and 
the 1296 pairs of all enhanceaent techniques combined produced eoeffi- 
dente of .79 for double cue, .63 for single cot, .U5 for bard copy, 
.50 for no code, aad an overall correlation of .62.   At least two infer- 
ences can be drawn froa these data.   The first is that laproved enhance- 
aent techniquee contribute not only to accuracy of infonatloo aeslailatlon 
but also to the approprlateneee of certitude estlaates regarding asslalla- 
tion perforaance.   Second, despite the slailarlty of the effects the aala 
variables had on accuracy aad certitude, the relationabip on an individual 
score basic over all conditions is not lapressive since no aore than 
approKlaately 36 percent of the variance in certitude estlaates can be 
accounted for by accuracy variance. 
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* 

Because of tb« tubjeetlvt aatur« of tbt otrtituto eontlnuuB, It was 
not poMlbl« to dettmlM wbotler oertltud« MtlaatM von typioälly 
hiftaor or lower then ««mated by the aeeuraey. Data ean be adduced for 
both over- and unAer-ettiaatloo. Table 9 shove, for enhanoeeent tech- 
nique, vbat percent of the 100^ correct responsee had certitude estlaetes 
of "abeolutely certain" aasociated with thea and vbat percent had either 
"absolutely" of "very certain', aa well as the oenverse, for exaaple, 
vbat percent of reeponses rated "absolutely certain" proved to be 100)1 
correct« 

Table 3 

CQRRESPONDBHCE BBTWEEN ACCURACY AMD CERTITUDE 
BY ENHAMCOflERT TECHMIQUE 

■ent Techniques 

Certitude Expressions No 
Code 

Hard 
Copy 

Single 
Cue 

Double 
Cue 

Reeponaes 100^ right— 
estlaated "absolutely 
certain" by «tfcject 25* m 67* 71* 

Reeponaes 100^ right— 
estlaated "abeolutely" 

98 85 86 93 

Responses eetiaated 
"absolutely certain"— 
100^ right 55 ft 89 9^ 

Responses estlaatsd 
"absolutely" or "very 
certain"-100* right 51 * 82 eh 

The figures in the first two rows can be viewed as evidence of under- 
eetiaation of perfomanee and those in the last two rows as evidence of 
over-est last ion, albeit tenuous •   More Important is the evidence support- 
ing tbe notion that enbanceaent techniques which tend to laprove accuracy 
of inforaatlon assiailation also lerprove the relationship between accuracy 
and subjective estiaates of accuracy.    That the relative ease of the 
information assiailation task as a function of enhancement technique does 
affect certitude is further evidenced in Table k.   Tbe mean percent right 

- 15 - 



M*oc5mted with taeta e«rtltud« eattgory, particularly the hlghar outs, 
dlfftn eooaltarably «• a function of «nbancMMnt. Thus, the «ff«etIT« 
seal« rang« for tbt no-eod« condition It coaprcuod dovnward fron tb« top 
rolatlTO to tb« douflblo-eu« and «Ingle-cut coDdltlons. Typically, tb« 
90 percent correct point falls b«tw««n k and 5 on tb« seal« (•ligbtly 
uncertain and tligbtly cartaln). 

Tabl« k 

pnenr RIGHT FOR EACH SCALE CATBOORY 
SEPARATELY BY EMHAflCBMER TBCHMIQUE 

Etataancamat T«cbnlquM 

Cartltud« 
eatagorl«« 

Doubl« 
Cm 

Slngl« 
Cue 

Herd 
Copy 

Ho 
Cod« 

8 96 96 83 76 

7 88 87 16 79 

6 78 76 63 63 

5 61 kk * 36 

k *5 rf kl 36 

3 kk 6o * 92 

2 39 k9 k2 38 

1 23 21 10 23 

'unuaually high valu« attribuubl« to th« taw 161  i«spon»«t ol which on« wa> 100% and ona 83% corract. 
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IMPLICATIONS OF THE FINDINGS 

For infozmtlon «MlBllrtlon ttaks of th« typo eonsldtrtd bar«, 
etrtitudi function« appaar to coofora to tba aean acevcracy function« 

raaaonably vail, at laaat in tana of ataapa. Bacauaa of the different 
■atrioa, it vaa not faaaible to detemine quantitatlTely the degree of 
conforaity or vbetber the certitude Judgaanta were predoailnantly orer- 
eatiaatea or undereatiaataa. The conforaity of Man« is a poor repre- 
sentation of the relationship between an individual's accuracy of aaaia- 
ilation and the degree of certitude he ascribes to his accuracy. Mot 
only is the agreeaent over all conditiona leaa than would be desired 
(r ■ .62); it also raries considem^ly as a function of anhancaaant 
technique, only double-cue coding ahowing a relationship such that aore 
than 90 percent of the certitude rariance can be accounted for by accuracy 
variance. Apparently, the leas conspicuous the changes in the updated 
slides the leaa the subjects were aware that they were right whan in fact 
they were and that they ware not right when in fact they were not. Alao, 
it is not surprising that people are aore likely to be 100 percent correct 
when they say "absolutely certain" than they are to say "absolutely certain" 
when they are 100 percent right. The fact that these Judgaents concern an 
end category of the continuum, the literal aaaning of the anchor terainol- 
ogy itself—end previous fiail^s which frequently indicate conaervatiaa ia 

j       neb J^«t..^o«ld 1«! to tbt. «*«UtK». 

The aajor efficacy of enhanceaent techniques is assumed to reside 
in reducing the difficulty of the task. Thus, a further degradation in 
the certitude-accuracy relationship within an enhanceaent might be pro- 
duced if the other conditions—amount and extent of change—were extended 
beyond those of the present study in terms of making the task aore diffi- 
cult. Thus, making a task as manageable aa possible by provision of the 
best possible enhanceaent aids is clearly advantageous. 

The fact that the earlier findings of consistent accuracy of aaaia- 
ilation but declining certitude for increasing numbers of "symbols reaoved" 
were not sustained in the present study suggests subject differences and/ 
or task factors as determinants of this relationship. Task realism and 
research designs calling for repeated measures would seem to be desirable 
controls for future research in this area. 

Either the adjectival anchors on the certitude continuum aaai 
soasvhat different meanings for the subjects aa a function of enhance- 
aent technique, or the accuracy of application varies as a function of 
enhanceaent technique. An adequate determination of the nature of these 
effects requires a continuum where a quantitative metric la explicitly 
associated with each category or subjects are allowed free response in 
a prescribed quantitative metric. Studies conducted subsequent to the 
present one hare incorporated such procedures with apparent success. 

- 17 



Even with the Inftdequftcles of the present certitude continuum, indi- 
cations ere that to tbe extent that feelings of certitude or confidence 
influence the tlaeliness and/or appropriateness of decision, discrep- 
ancies of tbe present asgnitude between accuracy and certitude could 
frequently have a deleterious effect on tbe decision process. 

-18- 



 l»cuitt» Qu »»>Wettt— 

DOCUMINT CONTROL DATA -R&D 
••« 

I.  OIII«IN«TIN«  »CTIVITVfl 
U.S. Army B«ta»Tloral Seine« Research Leboxmtory, OCRD 
Ueehlaffton, D. C. 

. ««»OUT MCUNiTV Ck*M)riC*TI*M 
UtaelMilflad 

M. «MOW» 

rsi 

RELATION OF CBTTITUDE JUDGNENIS TO CBARACTHIISTICS OF UPDATED SYMBOLIC ZXPOMATZOR 

I r»»* •'«*«•«■'iMtaa««* *M>> 

Robert S. Andrews, Freak L. Vlolao, end Sejneenir Rlafd 

• ■»»OUT nn 
April 1968 

k. tAwf Auf 61k im»Hy N». 

*. »mpjttr MO. 

DA R&D PJ Ho. 2JOÄ70U723 

flyet—1 

»«.  TOT«l. N«. Or *••■• 

51 

Teehnieel Reeeereb Mot« 19>» 

g gTMtw SffSSr wow fti«r — —■>»«» i^t—r t» 53BH 

*e-U 
This AoeuMBt is subject to epeelel eicport controls 
covemseote or foreign netionels aey be aede only with prior 
BebeTiorml Science Researcb Leboretory, OCRD. 

to foreign 
of the US 

n   •WWLIMI I«. •#«HMMIN«M)l.lT*aV «CTIVITV 

Ootet Der CM, Fort Belvoir, Ve. 
Anqr Neteriel CM., UML., 0. C. 
Aiitcntie Bfcf Fid fly CM«, Ft RltolrAi 

for Teebaologieel edfeno—nte in ailitery operetioo« end stepp«d-«p 
te' tioel decisions coosisteat vitb rapid chance and sueceeeioa of 

requiree aaxiaal effectiveneee in the proeeeeiac and «to of «ilitary operations iafor- 
mtioo.   TO this end, the Aray is developia« autosmted sjetSM for reoeipt, prooeeslm 
etorece, retrieval, and displajr of different types aad vaat awoBts of ailitary data. 
As part of the reqaireasnts for research, £ series of studies bad boea ooodueted by 
the OOMMRD SXSIBe Task ia which a variety of display «ariablee are iirtiHeelly 
iaresticeted ia tens of their effeets 00 iafonatioa aeeiidletioa and deoieioa aakiac 
ia a IIIIMSIIII aad coatrol settiaf.   The preeeat study exploree the effeets of type aad 
aiator of ivdatiac ebaate, eaeunt of iaforaatioo preeeated, aad seleeted eirtannasent 
techaiques oa ooafideaee and oa the relatioaahlp of oofldaaee to aeeeraey of isforaa- 
tioa assiailation.    In the experiasat, aiae sueeeesive pairs of ISm aefatiwe treae- 
pareaeiee «ex« Tieved by HS si*Jeete.   The first elide of a pair eonUliiXI 12, 10, or 
Rk ailltary fie« eyribols raadosay poeitioaed oa a aap.   The seooad slide was Idsatleel 
to the first except that 2, k, at 6 ey^ols bad been added, raajwsd, or repositioasd. 
Subjects viewed both slides, then, after resMval of the eeooad slide, iadioated oa a 
paper print of the first slide all «date« they had noted oa the seooad.   Perfonaaee 
wae asasured ia tens of accuracy of assiailation (peroeatafe score) aad eartitoto 
expressed ia that accuracy.   For aaalyeie, euccesslve iatofer mlue« of 1 - 6 wer« 
aeeifaed to the eight certitude Jvriceeat oategories reagiag froa abeolutely uaeertaia 
at tbs lower ead of the cootiauua to abeolutely eertaia at the upper end.   This experi 
■eatal procedure wae repeated for each of the three type-of-change eequsnoee withia a 
eeeeioa—si^l«-oue codiag, dodble-eue oodiag, and hard eopy ae well ae for a eo-eedia^ 

21 
Uhelaeelfied  

■»wiimr Cl—IHo»M— 



■•cflty CUi •■iricatlmi 

*Aiitoaat«d oommaA iaforaation prooasslng sytt« 
«ZafonKtlon proeMslag 

ZaforflAtlon «MlallAtion 
*Inforaation presentation teetaniquM 
♦Display aodalltlat 
Decision aaklng 

«Certitude Jud^aent 

22 Ubelaesified 



DD Form IU73 

13 •    ABSTRACT continued 

condition.   Findings indicate:    1)   The more effective the enhancement 
technique, the higher the certitude-accuracy relationship.    With the best 
enhancement technique (double-cue coding), 6k percent of the certitude 
variance could be accounted for by accuracy variance; with the poorest 
(hard copy), only 20 percent.   2)   Both over-certitude and under-certitude 
was evidenced, with over-certitude tending to increase with the less ef- 
fective enhancement techniques.    3)   Increase in either amount of informa- 
tion presented or amount of updating resulted in decline in both mean 
accuracy and mean certitude, the rate varying widely over the different 
enhancement techniques and over types of update,    k)   Although effects of 
the main variables on accuracy and certitude were highly similar, the 
correspondence did not hold for individual performance scores.    Findings 
suggest need to improve agreement between a man's performance in informa- 
tion assimilation and his Judgment of that performance.    To more adequately 
determine the nature of the effects of enhancement, certitude should be 
neasored in the same quantitative metric (percent) as accuracy. 
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